The B cell leukemia 11A protein (BCL11A/Evi9/CTIP1) has been implicated in hematopoietic cell development and malignancies. BCL11A is a transcriptional repressor that binds directly to a GC-rich motif and is also recruited to a promoter template via interaction with the orphan nuclear receptor, chicken ovalbumin upstream promoter transcription factor II. In both cases, BCL11A-mediated transcriptional repression is only minimally reversed by trichostatin A, suggesting the possible lack of involvement of class I or II histone deacetylases. Nonetheless, chromatin immunoprecipitation assays revealed that expression of BCL11A in mammalian cells resulted in deacetylation of histones H3 and/or H4 that were associated with the promoter region of a reporter gene. BCL11A-mediated transcriptional repression, as well as deacetylation of histone H3/H4 in BCL11A-transfected cells, was partially reversed by nicotinamide, an inhibitor of class III histone deacetylases such as SIRT1. SIRT1 was found to interact directly with BCL11A and was recruited to the promoter template in a BCL11A-dependent manner leading to transcriptional repression. These Wndings deWne a role for SIRT1 in transcriptional repression mediated by BCL11A in mammalian cells.
11A was originally identiWed as a protein that interacted with and stimulated the transcriptional repression activity of chicken ovalbumin transcription factor II (COUP-TFII), and was therefore named COUP-TFinteracting protein 1 (CTIP1 [1] ). BCL11A was also independently identiWed by Copeland's group as ecotropic viral integration site 9 (Evi9), the locus of which was demonstrated to be a site of proviral integration resulting in acute myeloid leukemia in BXH2 mice [2] . Subsequently, the human locus of BCL11A was shown to be involved in a translocation event, t(2; 14)(p13; q32. 3) , that may underlie some forms of chronic lymphocytic leukemia (CLL) and immunocytoma, linking the gene to human disease [3, 4] . However, the mechanistic basis for the contribution of BCL11A to neoplastic processes in hematopoietic cells of murine or human origin remains unclear.
Although BCL11A has been shown to interact directly with COUP-TF II [1] , as well as BCL6 [2] , BCL11A also binds directly to a GC-rich motif and represses transcription of a downstream reporter gene in the absence of overexpressed COUP-TF family members or BCL6 [5] . This Wnding suggests that COUP-TF-and BCL6-independent mechanisms of BCL11A-mediated transcriptional repression may be operant on some cell types and/or promoter contexts.
The analysis of BCL11A-null mice has demonstrated the role for BCL11A in both hematopoiesis and postnatal development [6] . BCL11A and its paralog BCL11B/CTIP2 are similar in sequence, DNA binding speciWcity, and interacting partners (i.e., COUP-TF proteins). However, the lymphoidal defects resulting from disruption of each locus diVer. BCL11A is essential for B cell development [6] , whereas BCL11B is required for T cell development [7] .
Previous studies in transiently transfected cells revealed that both BCL11A and BCL11B mediated transcriptional repression of reporter gene in a manner that was only partially reversed by trichostatin A (TSA) [1, 5, 8] . More recently, BCL11B was demonstrated to interact with and recruit the class III HDAC, SIRT1, to a promoter template resulting in deacetylation of histones H3 and/or H4 and transcriptional repression in transiently transfected cells [8] . This Wnding implicated SIRT1 in the transcriptional activity of BCL11B in mammalian cells, and at least in part, may explain the TSA-insensitive nature of BCL11B-mediated transcriptional repression.
The structural and biochemical relatedness of BCL11A and BCL11B prompted us to speculate that the histone deacetylase SIRT1 may also underlie the mechanism of BCL11A-mediated transcriptional repression. Six lines of evidence, described herein, indicate that SIRT1 is involved in BCL11A-mediated transcriptional repression in transfected cells: (1) overexpression of BCL11A resulted in deacetylation of histones H3 and/or H4 that were associated with the promoter region of a target gene, (2) both the deacetylation of histone H3/H4 in BCL11A-transfected cells and BCL11A-mediated transcriptional repression were found to be partially reversed by nicotinamide, an inhibitor SIRT1, (3) endogenous SIRT1 was speciWcally recruited to the reporter gene template by overexpressed BCL11A, (4) SIRT1, but not a catalytically inactive mutant, stimulated transcriptional repression mediated by BCL11A, (5) endogenous BCL11A and SIRT1 were found to coimmunoprecipitate from nuclear extracts prepared from untransfected 70z/3 cells, and (6) BCL11A and SIRT1 were found to participate in a direct, physical interaction in vitro. Collectively, these Wndings implicate the histone deacetylase SIRT1 in the transcriptional repression activity of BCL11A in mammalian cells.
Materials and methods

Constructs
The (17-mer) 4 -tk-CAT reporter construct was a kind gift from Dr. Ming-jer Tsai (Baylor College of Medicine). Flag-BCL11A was prepared by PCR ampliWcation of the BCL11A open reading frame [1] with appropriate primers and insertion into pcDNA3(+) (Invitrogen). The Gal4 DBD-BCL11A construct was prepared by PCR ampliWcation with appropriate primers followed by insertion into pM (Clontech). Myc-SIRT1, Myc-SIRT1 H363Y, and GST-SIRT1 constructs [9] were kind gifts from Dr. T. Kouzarides (University of Cambridge, Cambridge, UK). All vectors encoding GST fusion proteins were prepared by PCR ampliWcation of appropriate templates followed by insertion into pGEX-2T (Amersham-Pharmacia Biotech). The constructs used for generating [ 35 S]methionine-labeled proteins were prepared by PCR ampliWcation with primers containing appropriate restriction sites for insertion into pcDNA3(+) or pcDNA3.1/His (Invitrogen). All constructs were veriWed by complete DNA sequence analysis.
Antibodies
PuriWed rabbit anti-Sir2 , mouse anti-SIRT1, and rabbit anti-acetylated-histone H3 and -histone H4 antibodies were obtained from Upstate. Mouse anti-Flag and -Myc monoclonal antibodies were purchased from Sigma and Oncogene, respectively. Mouse anti-Gal4 was obtained from Santa Cruz Biotechnology. The mouse anti-BCL11A monoclonal antibody was raised by Dr. Michael Marusich (Monoclonal Antibody Facility, Institute for Neuroscience, University of Oregon, Eugene, Oregon) against a cocktail of GST-BCL11A fusion proteins and recognizes an epitope located within the central region of the protein, amino acids 171-434 (data not shown).
Chromatin immunoprecipitation assays
Chromatin immunoprecipitation (ChIP) assays were performed on transfected cells essentially as described previously [8] with the slight modiWcations. HEK293 cells were co-transfected at 60% conXuency (10 cm plates) with 3 g of the (17-mer) 4 -tk-CAT reporter, 5-20 g Gal4-BCL11A, 0.5 g Myc-SIRT1, and/or the corresponding parental vectors using the calcium-phosphate method. Cells were washed twice with phosphate buVered saline (PBS) after 48 h, and cross-linked with 1% formaldehyde in PBS at room temperature for 10 min. Cells were then washed twice with ice-cold PBS buVer and collected in harvesting buVer (100 mM TrisHCl, pH 9.4, containing 10 mM DTT). The cells were lysed in lysis buVer (50 mM Tris-HCl, pH 8.1, containing 1% SDS, 10 mM EDTA, and a protease inhibitor cocktail). The sonicated lysates were then cleared by centrifugation and diluted 2.5-to 3.75-fold with ChIP dilution buVer (16.7 mM Tris-HCl, pH 8.1, containing 0.01% SDS, 1.1% Triton X-100, 1.2 mM EDTA, 167 mM NaCl, and a protease inhibitor cocktail). One-tenth of the diluted lysate was reserved as an input sample to determine total amount of reporter plasmid in transfected cells for subsequent normalization procedures. Two equal aliquots of the remaining lysate were used for immunoprecipitation with and without the addition of antibodies against K9-, K16-di-acetylated histone H3, and K5-, K8-, K12-, K16-tetra-acetylated histone H4 (Upstate; 5 g of each antibody/immunoprecipitation reaction). Immune complexes were recovered with protein A or protein G-Sepharose (Amersham-Pharmacia) and washed under stringent conditions. Chromatin complexes were eluted with the freshly prepared elution buVer (0.1 M NaHCO 3 containing 1% SDS). The eluates and the above input samples were subjected to an overnight reversal of cross-links at 65°C, followed by a treatment with Proteinase K at 45°C for 1-2 h. DNA was recovered by using QIAquick PCR PuriWcation Kit (Qiagen) and ampliWed using a forward primer (5Ј-GGCATCAGAGCAGATTGTACT-3Ј) upstream of the multimerized 17-mer and a reverse primer (5Ј-CCT-TAGCTCCTGAAAATCTCG-3Ј) downstream of the tk promoter but upstream of the transcriptional start site. The resulting PCR product (327 bp) was analyzed by agarose gel electrophoresis and ethidium bromide staining. All experiments were performed three to Wve times.
Transfection and reporter gene studies
HEK293 cells were transfected and harvested as described above. Where indicated, TSA (100 ng/ml) or nicotinamide (15 mM) treatments were initiated 24 h after transfection, and cells were harvested 24 h later. A -galactosidase expression vector (pCMV-Sport-Gal, Life Technologies) was co-transfected as an internal control, and -galactosidase activity was used to normalize CAT activity as described [10] .
Coimmunoprecipitation
HEK293 cells were transfected as described above with 15 g each of expression vectors encoding Flag-BCL11A and/or Myc-SIRT1. Forty-eight hours after transfection the cells were lysed in NET-N buVer (20 mM Tris-HCl, pH 8, containing 150 mM NaCl, 0.5% NP-40, 10% glycerol, 1 mM EDTA, and a protease inhibitor cocktail) by agitation at 4°C for 30 min. After a brief sonication, lysates were cleared by centrifugation, and immunoprecipitated as described previously [11] using the antibodies described above. Whole cell extracts from 70z/3 pre-B lymphocytes were prepared by using NET-N buVer as described above, and immunoprecipitated (10 mg of total protein per reaction) with puriWed anti-BCL11A (10-15 g) or antiSir2 (0.5-2.5 g) antibodies. All immunoprecipitates were analyzed by immunoblotting with appropriate antibodies.
GST pulldown experiments
GST pulldown experiments were conducted as described previously [12] . BrieXy, equivalent amounts of GST or GST-SIRT1 fusion proteins were bound to glutathione-Sepharose (Pharmacia) and incubated with [ 35 S]methionine-labeled proteins (BCL11A or BCL11A truncation mutants) prepared using the TNT transcription-translation system (Promega). The reactions were washed Wve times with binding buVer (10 mM Na-Hepes containing 10% glycerol, 1 mM EDTA, 1 mM DTT, 150 mM NaCl, and 0.05% NP-40) and bound proteins were eluted and resolved on denaturing SDS-PAGE gels for analysis by autoradiography.
Results
Transfection of BCL11A results in deacetylation of histone H3/H4 associated with the promoter region of a target gene
Previous studies indicated that BCL11A represses transcription in a manner that was only partially reversed by TSA suggesting the lack of involvement of class I or II HDACs [1, 5, 8] . However, these results do not preclude the possibility that TSA-insensitive HDACs, such as class III HDACs [13] 
BCL11A represses transcription in a nicotinamidesensitive manner
Reporter gene assays were conducted to determine if BCL11A-mediated transcription was also sensitive to reversal by NAM. Transcriptional repression mediated by a Gal4-BCL11A fusion protein in HEK293 cells was partially reversed by NAM (Fig. 1B , compare lanes 4 and 6 with lane 1), in a manner similar to that of BCL11B/CTIP2 [8] . Consistent with previous studies [1, 5] , TSA, at 100 ng/ml, had a minimal eVect on transcriptional repression mediated by Gal4-BCL11A (Fig. 1B , compare lanes 1 and 2 with lanes 4 and 5). 4 -tk-CAT reporter and 20 g of an expression vector encoding Gal4-BCL11A. Twenty-four hours after transfection, cells were treated with histone deacetylase inhibitors, TSA (100 ng/ml; open bars), and nicotinamide (NAM; 15 mM; hatched bars) as indicated, for 24 h before collection. Transfection eYciency was normalized by total amount of the transfected (17-mer) 4 -tk-CAT reporter present as determined by PCR ampliWcation using template-speciWc primers (input lanes 1 and 2; 5% of total). Lanes 3-6 represent template ampliWcation reactions from samples immunoprecipitated with or without antibodies speciWc for acetylated histones H3 and H4 as indicated. AmpliWcation reactions were separated on a 1% agarose gel that was stained with ethidium bromide to visualize DNA products. The indicated band is the expected, 327 bp ampliWcation product from the reporter gene template. Results are representative of three independent experiments. (B) HEK293 cells were transiently transfected with 5 g of the (17-mer) 4 -tk-CAT reporter along with 5 g of expression vectors encoding either Gal4-BCL11A or Gal4 DBD as indicated. The treatments with vehicle (water; solid bars), TSA (open bars), and NAM (hatched bars) were carried out as described above. Transfection eYciency was normalized by use of a co-transfected -galactosidase expression vector. CAT activity determined in the presence of Gal4 DBD and TSA (lane 2) was taken to be maximal and that against which all other determined CAT activities were compared. The results presented represent means ( §SEM) of three independent experimental determinations.
BCL11A interacts with and recruits SIRT1 to the promoter template
The reversibility of histone deacetylation in BCL11A-transfected cells and of BCL11A-mediated transcriptional repression by NAM implicated a NAM-sensitive HDAC(s) in both events. The simplest explanation for these Wndings would be that BCL11A interacts with and recruits a class III, NAM-sensitive HDAC to the template, at which the enzyme catalyzes histone deacetylation resulting in chromatin condensation and subsequent transcriptional repression. To investigate this possibility, we used a co-immunoprecipitation assay to determine if BCL11A associated with SIRT1, a class III HDACs, in mammalian cells. First, the interaction of co-overexpressed proteins was determined using Flag-BCL11A and Myc-SIRT1. Myc-SIRT1 was immunoprecipitated by anti-Flag antibody but only when Flag-BCL11A was co-expressed in HEK293 cells (Fig.  2A , compare lane 5 with lane 6). Similarly, overexpressed BCL11A associated with endogenous SIRT1 in HEK293 cells (Fig. 2B , compare lane 3 with lane 4). Finally, the interaction of endogenous SIRT1 and BCL11A in untransfected mouse pre-B lymphocytes, 70z/3 cells, was veriWed by co-immunoprecipitation experiments. Endogenous Sir2 (the mouse homolog of human SIRT1) was co-immunoprecipitated with BCL11A by an anti-BCL11A monoclonal antibody (Fig.  3C, lane 3) , but not by an irrelevant antibody (mouse anti-Gal4, lane 4). Similar results were obtained when precipitating and detecting antibodies were reversed (data not shown). These Wndings suggest that endogenous BCL11A and Sir2 physically associate with similar complex(es) when expressed at physiological levels in untransfected mouse 70z/3 cells.
Based on the observed ability of BCL11A to coimmunoprecipitate with SIRT1, we next sought to determine if endogenous SIRT1 was recruited to the promoter template by BCL11A in HEK293 cells transfected with a Gal4-BCL11A expression vector. Endogenous SIRT1 was recruited to the promoter template in cells expressing the Gal4-BCL11A fusion protein (Fig. 2D, lane 6) but not in cells expressing the Gal4 DBD (Fig. 2D, lane 4) . These results demonstrate BCL11A-dependent recruitment of endogenous SIRT1 to the promoter template in HEK293 cells, suggesting a role for this histone deacetylase in the transcriptional repression mechanism of BCL11A.
BCL11A interacts directly with SIRT1 in vitro
The above results demonstrated that BCL11A and SIRT1 associated with similar complex(es) in mammalian cells. However, co-immunoprecipitation experiments cannot distinguish if the two proteins interact directly or indirectly via intermediary protein(s). This possibility was tested directly in a series of GST , and BCL11A interact in 70z/3 whole cell extracts. The cell extracts were immunoprecipitated with no antibody, anti-BCL11A or irrelevant (anti-Gal4) monoclonal antibodies. The immunocomplexes were then analyzed by Western blotting with an anti-Sir2 monoclonal antibody. The position of endogenous Sir2 is indicated, which corresponds to »120 kDa as previously reported [29] . (D) Endogenous SIRT1 is recruited to promoter template of the reporter gene upon expression of Gal4-BCL11A. HEK293 cells were transfected with 5 g of (17-mer) 4 -tk-CAT reporter and 20 g of expression vectors encoding either Gal4-BCL11A or Gal4 DBD. Transfection eYciency was normalized as described in the legend of Fig. 1A (lanes 1 and 2; 5% of input) . Lanes 3-6 represent template ampliWcation reactions from samples immunoprecipitated with or without antibody directed against SIRT1. Results are representative of three independent experiments. pulldown assays. Full-length, in vitro translated BCL11A was found to interact with full-length SIRT1, which was fused to GST (Fig. 3A, lane 3 ), but not with GST alone (lane 2). This Wnding suggests that BCL11A and SIRT1 participate in a direct, physical interaction. The SIRT1 interaction interface of BCL11A was mapped to amino acids 194-378 (Fig. 3A, lane 3 of D) , which is relatively rich (22%) in proline residues [1] . This proline-rich region is 61% identical to corresponding region of BCL11B/CTIP2, which was previously shown to be required for the interaction of this protein with SIRT1 [8] . All BCL11A deletion mutants containing this region strongly interacted with GST-SIRT1 (Figs. 3A, lane 3 of C and D) but mutants lacking it interacted weakly or not at all (Figs. 3A, lane 3 of B, E, and F) . Thus, a region of BCL11A that is relatively rich in proline, amino acids 194-378, appears to be primarily responsible for direct interaction with SIRT1 in vitro.
The BCL11A interaction interface of SIRT1 was similarly mapped by use of a series of SIRT1 deletion mutants (see Fig. 3B ) fused to GST. Both full-length BCL11A and BCL11A 194-378 interacted strongly with the sirtuin homology domain of SIRT1 (Fig. 3C , lane 5), very weakly with SIRT1 1-214 (lane 4) , and not at all with SIRT1 541-747 (lane 6). Moreover, BCL11A was found to interact primarily with amino terminal region of sirtuin homology domain, SIRT1 214-441 (Fig. 3C, lane 7) . The interaction of BCL11A with the carboxyl terminal part of the sirtuin homology domain, SIRT1 441-541, was not detectable (lane 8). Considered together, these Wndings suggest that BCL11A interacts directly with SIRT1 in vitro, and that the interaction requires residues within the amino terminal region of sirtuin homology domain of SIRT1 and the proline-rich region of BCL11A (amino acids 194-378). Because the BCL11A-interaction interface of SIRT1 is relatively conserved among other sirtuin family members [13] , it is conceivable that BCL11A may interact with other members of this important class of regulatory proteins. 
SIRT1 enhances BCL11A-mediated transcriptional repression
Based on the ability of BCL11A to interact with and recruit SIRT1 to the promoter template, we hypothesized that transcriptional repression by BCL11A is mediated through SIRT1, at least in part. To assess a potential role for SIRT1 in BCL11A-mediated transcriptional repression, reporter gene assays were carried out in transiently transfected HEK293 cells. In the absence of BCL11A, both wild-type SIRT1 and a catalytically inactive point mutant, SIRT1 H363Y, repressed reporter gene expression in a concentration-dependent manner (Fig. 4A, lanes 1-4 and 5-8, respectively) , suggesting that the catalytic activity of SIRT1 is not required for basal transcriptional repression of the reporter gene. These Wndings are consistent with previous reports [8, 9] , however, the mechanism(s) for the observed repression of basal transcription by both wild-type SIRT1 and SIRT1 H363Y under these experimental conditions is unknown. In contrast, the catalytic activity of SIRT1 was required for enhancement of BCL11A-mediated transcriptional repression. Wild-type SIRT1 enhanced transcriptional repression mediated by BCL11A in a concentrationdependent manner (Fig. 4A, lanes 9-12) . A catalytically inactive form, SIRT1 H363Y, did not enhance BCL11A-mediated repression (Fig. 4A, lanes 13-16) , even though it was capable of interacting with BCL11A in HEK293 cells (Fig. 4A, lane 6, inset ). These Wndings demonstrate that SIRT1 enhances the transcriptional repression 4 -tk-CAT reporter along with 5 g of expression vectors encoding either Gal4-BCL11A or Gal4 DBD, and increasing amounts (0.125, 0.25, and 0.5 g) of expression vectors encoding either SIRT1 WT or SIRT1 H363Y, as indicated. Transfection eYciency was normalized as described in the legend of Fig. 1B . The activity of the CAT reporter in the presence of Gal4 DBD alone (lane 1) was taken to be maximal and that against which all other determined CAT activities were compared. The results presented represent means ( §SEM) of three independent experimental determinations. (Inset) The catalytically inactive Myc-SIRT1 H363Y, coimmunoprecipitates with Flag-BCL11A in a manner indistinguishable from wild-type SIRT1 (see Fig. 2A ). Transfections, immunoprecipitations, and immunoblotting were conducted as described in Fig. 2A. (B) SIRT1 stimulates deacetylation of template-associated histones H3 and/or H4 in BCL11A-transfected cells. HEK293 cells were transfected with 3 g of the (17-mer) 4 -tk-CAT reporter along with expression vectors encoding Gal4-BCL11A (10 g) and SIRT1 WT or SIRT1 H363Y (0.5 g) as indicated. The level of acetylated histones H3 and H4 that were associated with the promoter region of the reporter gene template was determined by a ChIP assay as described in Materials and methods. Transfection eYciency was normalized as described in the legend of Fig. 1A. Input lanes (1-4) correspond to ampliWcation reactions conducted using 3.75% (upper panel) and 5% (lower panel) of the lysates used for IP reactions. Lanes 5-12 represent template ampliWcation reactions from samples immunoprecipitated with or without anti-acetylated histone H3/H4 antibodies as indicated. Results are representative of three independent experiments. activity of BCL11A and this eVect requires the catalytic activity of the enzyme.
Based on the above results from reporter gene studies, ChIP assays were conducted to determine if SIRT1-mediated histone deacetylation may underlie the molecular basis for BCL11A-mediated transcriptional repression. Under the experimental conditions employed, co-transfection of Gal4-BCL11A and SIRT1 resulted in a decrease in the level of acetylated histones H3 and/or H4 associated at the promoter region of the target gene when compared with that observed by transfection of either expression vector individually (Fig. 4B, compare  lanes 6, 8, 10 , and 12 of the upper panel). Co-transfection of Gal4-BCL11A and SIRT1 H363Y resulted in no change in the level of acetylated histone H3/H4 that was associated with the reporter gene template (Fig. 4B, compare lanes 6, 8, 10 , and 12 of the bottom panel). These Wndings are similar to that of previous report for BCL11B/CTIP2 [8] , suggesting that SIRT1-catalyzed histone deacetylation may underlie, at least in part, the ability of the enzyme to stimulate both BCL11A-and BCL11B-mediated transcriptional repression.
Discussion
Regulation of eukaryotic gene expression in response to developmental or environmental signals is a complex, multi-step process that requires the sequential and combinatorial action of many cellular factors, which minimally includes proteins harboring histone-modifying activities, ATP-dependent nucleosome remodeling complexes, and components of the 26S proteosomal complex [14, 15] . Of the histone-modifying activities, acetylation may represent the modiWcation that is most readily reversible, and hence, perhaps the most dynamic in nature. Several families of histone acetyl transferases have been identiWed and many of these enzymes acetylate a wide variety of substrates in addition to histones (reviewed in [16, 17] ). Although histone acetylation has been universally associated with transcriptional activation, histone deacetylation appears to play a dual role in transcriptional regulation. First, histone deacetylation has been Wrmly implicated in transcriptional silencing, possibly by inducing chromatin condensation and/or facilitating formation of heterochromatin, both of which would favor the repressed state [18] [19] [20] . However, some HDACs, possibly in association with ATP-dependent remodeling complexes, are recruited to the template by transcriptional activators, such as activated estrogen receptor , but this appears to occur relatively late in the cyclical process of transcriptional activation and may play a role in nucleosomal remodeling and/or "resetting" the basal state of the promoter [14] . In any event, a large number of HDACs (presently eighteen) from three diVerent families have been identiWed, which are conserved across numerous species suggesting that each plays an important biological role(s).
We previously observed that BCL11A repressed transcription of a reporter gene in a TSA-insensitive manner [1, 5] . This observation may be explained, at least in part, by our present Wnding demonstrating that BCL11A recruited SIRT1, a TSA-insensitive, class III HDAC to the promoter region of a reporter gene template. The results from ChIP studies presented herein suggested that SIRT1 catalyzed deacetylation of histones H3 and/ or H4 on this template. Our present Wndings and past work [8] , Wrmly implicate SIRT1 in the mechanistic basis of transcriptional repression mediated by both BCL11A and BCL11B in the context of a model system. The observation that both endogenous BCL11A (Fig. 2C ) and BCL11B [8] exist within a nuclear complex(es) that contains SIRT1 provides further support for the physiological role of SIRT1 in the BCL11A/B signaling pathways. The possibility that SIRT1 may be directly or indirectly involved in the proliferative, hematopoietic cell disorders associated with dysregulated BCL11A [6] or BCL11B [7] expression remains an open question.
Histones represent one of at least three classes of acetylated substrates for SIRT1; two other non-histone, transcriptional regulatory proteins have been shown previously to serve as SIRT1 substrates. The groups of Guarente [21] , Gu [21] , and Kouzarides [9] have shown that SIRT1 deacetylates p53. Acetylation of p53 by the histone acetyltransferase/transcriptional coactivator p300 appears to represent an important step in the activation of this tumor suppressor protein [22] . Consistent with this, SIRT1-mediated deacetylation was found to result in inhibition of p53-mediated transcriptional activation [9] and attenuate p53-mediated, stress-induced cell death [9, 21] . Similarly, SIRT1 was found to deacetylate Foxo3a and inhibit the ability of this forkhead transcription factor to activate transcription and regulate apoptosis [23] . Theoretically, SIRT1-mediated deacetylation of transcriptional regulatory proteins involved in tumor suppression and apoptosis, such as p53 and Foxo3a, may promote tumorigenesis. However, to our knowledge, this has not been demonstrated conclusively.
The Wndings that overexpression of BCL11A following proviral integration resulted in myeloid leukemia and that BCL11A induces anchorage-independent growth of NIH 3T3 cells [2] implicated BCL11A as a dominant oncogene. However, the mechanistic basis for the role of BCL11A in hematopoietic cell neoplastic processes remains unclear. Based on our Wndings that BCL11A interacts directly with and recruits SIRT1 to a promoter template to repress transcription, one may envision a role for SIRT1 in BCL11A-mediated leukemic transformation of hematopoietic cells. In this case, one may expect to observe a selective dysregulation/ repression of BCL11A target genes that may be relieved by inhibitors of SIRT1, such as nicotinamide. Although, no such genes have been identiWed to date, data from null animals suggest that BCL11A may be upstream of Pax5 and Ebf1 in B cell development [6] . Additionally, BCL11A may be recruited to promoter templates by direct interaction with BCL6, suggesting that BCL11A may play a role in the BCL6 signaling pathway in B cells [2] . BCL6 is a transcriptional repressor required for the development of germinal centers (GCs) that has been implicated in the pathogenesis of GC-derived, B cell lymphoma [24, 25] . If SIRT1 plays a role in transcriptional repression mediated by BCL11A/BCL6 complexes in B cell lymphomas, one may expect that this transcriptional repression could be at least partially relieved by inhibitors of SIRT1.
Our Wnding that treatment of BCL11A-transfected cells with nicotinamide, an inhibitor of TSA-insensitive class III HDACs, did not fully relieve BCL11A-mediated transcriptional repression suggests that an additional protein(s) may be required for the BCL11A-mediated transcriptional repression. One such family of proteins may be the heterochromatin-associated proteins (HP1), which have been shown to interact directly with CTIP2/ BCL11B [26] . Recruitment of HP1 proteins to the promoter template results in transcriptional repression either by HP1 self-assembly into a supramolecular, heterochromatinized template [27] , or by interaction of HP1 with a component of TFIID, TAF II 130, precluding the nucleation of the preinitiation complex formation [28] . It is tempting to speculate that BCL11A, by virtue of its sequence-speciWc DNA binding activity and/or by tethering to promoter-bound BCL6 or COUP-TF family members, may recruit SIRT1 to speciWc genomic loci, at which the enzyme deacetylates H3-K9, the initial step in creation of a high-aYnity HP1 binding site [18] , on the path to heterochromatinization and transcriptional silencing. In this way, BCL11A may serve to nucleate a transcriptional repression complex that minimally includes a histone deacetylase (SIRT1) and HP1 protein(s), and target this complex to speciWc genomic loci.
The results described in this study and previous study [8] strongly suggest that the NAD + -dependent, nicotinamide-sensitive histone deacetylase SIRT1 contributes, at least in part, to the transcriptional repression activities of both BCL11A and BCL11B. However, it is also possible that both BCL11A and BCL11B could themselves be substrates of SIRT1, which could thereby modulate function(s) of these proteins. This feature may provide another level of control in the regulation of transcriptional networks by BCL11A and BCL11B in cells of the hematopoietic and central nervous systems.
